The burden of depression in men is high. Current diagnostic criteria may not fully capture men's experience with depression. Descriptions of the heterogeneity in depression among men are lacking. The purpose of the study was to characterize latent subtypes of major depression and changes in these subtypes among men receiving citalopram in Level 1 of the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial. Latent transition analysis was applied to data from 387 men who completed baseline and Week 12 study visits in Level 1 of STAR*D. Items from the self-report version of the Quick Inventory of Depressive Symptomatology were used as indicators of latent depression subtypes. Four statuses were identified at baseline and Week 12. Baseline statuses were Mild (10% of men), Moderate (53%), Severe with Psychomotor Slowing (20%), and Severe with Psychomotor Agitation (17%). At Week 12, the statuses were Symptom Resolution (41%), Mild (36%), Moderate (18%), and Severe with Psychomotor Slowing (5%). Men in the Mild status were most likely to transition to Symptom Resolution (probability = 69%). Men in the Severe with Agitation status were least likely to transition to Symptom Resolution (probability = 0%). This work highlights the need to not focus solely on summary rating scores but to also consider patterns of symptoms when treating depression.
Introduction
Major depressive disorder is a substantial public health problem, with considerable morbidity and mortality. The 12-month prevalence of a major depressive episode among adult men in the United States is approximately 5% (Substance Abuse and Mental Health Services Administration, 2013) . This is likely an underestimate since it is thought that current diagnostic criteria do not adequately capture men's experience with depression (Martin, Neighbors, & Griffith, 2013) . It is also possible that the lower incidence of diagnosed depression in men reflects men's tendency to deny illness and not seek treatment in order to preserve their masculinity (Addis & Mahalik, 2003) . Despite the substantial burden of depression in men, it is often overlooked, with most research on sex differences focusing on women's risk (Addis, 2008) . As a result of depression commonly being interpreted as a women's disorder, there is a poor understanding of how to best identify and treat men with depression (Ogrodniczuk & Oliffe, 2011) . Successful recognition and treatment of depression in men is important, particularly because men are four times more likely than women to die from suicide and mood disorders such as depression are thought to be a major contributor to suicide risk (National Center for Injury Prevention and Control, 2013;  Office of the U.S. Surgeon General and National Action Alliance for Suicide Prevention, 2012).
Sex differences have been documented in many aspects of depression, including rates, severity, symptoms, risk factors, and course. Men experience depression less often and less severely than women (Angst et al., 2002; Kendler & Gardner, 2014; Marcus et al., 2008 ; Substance Abuse and Mental Health Services Administration, 2013; E. A. Young et al., 2009) . Men are more likely than women to endorse externalizing symptoms such as anger and aggression, substance abuse, and risky behavior but less likely to endorse stress, irritability, sleep problems, and lack of interest in previously enjoyable activities (Martin et al., 2013) . Men are also more likely than women to have melancholic depression (Hildebrandt, Stage, & KraghSoerensen, 2003) but less likely to experience somatic, atypical, and anxiety symptoms (Lamers et al., 2010; Schuch, Roest, Nolen, Penninx, & de Jonge, 2014; Silverstein, 2002) and to have less transitions between subtypes . Risk factors for major depression for men include failure in financial and occupational goals, legal issues, and lowered self-worth (Kendler & Gardner, 2014) .
Despite the well-documented sex differences in depression, these differences are not always considered in research on heterogeneity in depression. While symptom heterogeneity is expected for both men and women with major depression, little research has been done to characterize subtypes of depression in men and in changes in subtypes with treatment. An enhanced understanding of empirically derived depression subtypes and how these subtypes change over time is necessary for improving screening, treatments, and service delivery for men. This study used latent transition analysis (LTA), a personcentered modeling approach, to describe depression subtypes for men and examine changes in subtypes after receiving citalopram treatment in Level 1 of the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial. Specifically, the objectives were to (a) characterize subtypes based on patterns of depression symptoms at the beginning of a treatment trial and (b) examine changes in these subtypes, including changes in the descriptive nature of each subtype, and how men move between subtypes, over 12 weeks of treatment.
Method
The institutional review board at the University of Massachusetts Medical School determined that this secondary data analysis was not human subjects research as defined by Department of Health and Human Services and Food and Drug Administration regulations.
Study Participants
In STAR*D, men and women with moderate-to-severe nonpsychotic major depression were originally enrolled from 41 sites (primary care and outpatient psychiatry) and participated in this pragmatic clinical trial designed to assess the effectiveness of a variety of pharmacological and psychosocial treatments (Rush et al., 2004) . Enrollment occurred between July 2001 and April 2004 (n = 4,041) . The protocol called for all participants to receive citalopram for at least 12 weeks during Level 1 of the trial. Using the publicly available, de-identified STAR*D data set from the National Institute of Mental Health, the present analysis was restricted to the Level 1 "evaluable sample (Rush et al., 2004; Trivedi et al., 2006) " of 1,044 men. The "evaluable sample" included participants whose baseline Hamilton Rating Scale of Depression (Hamilton, 1960) score was at least 14 and who completed at least one postbaseline visit (Trivedi et al., 2006) . Although study visits occurred more frequently (baseline, 2, 4, 6, 9, and 12 weeks), the current study was restricted to men who completed the baseline and 12-week visits (n = 408), as necessary for this longitudinal analysis. The sample was further restricted to those with complete information on important study variables. The final study sample included 387 men. (Rush et al., 2003) . These items (scored 0 to 3) were collected at baseline and at Week 12. The time referent for most items was the previous 7 days with an exception for questions relating to changes in weight. The time referent for weight change variables was the previous 14 days. Because a symptom meets the DSM-IV threshold for major depressive disorder if scored 2 or above (Nierenberg et al., 2010) , each item was dichotomized with scores ≤1 denoting the absence of a DSM-IV criterion symptom and ≥2 signifying presence. Although the QIDS-SR 16 specifies that only one of the appetite items and only one of the weight items should be scored, all four items were included to adequately capture appetite increase, appetite decrease, weight increase, and weight decrease.
Measures

Analysis
The analysis was conducted in several stages. The first step was to compare the men who were included with those who were ineligible for the current study. Means and standard deviations were calculated for continuous variables and proportions for categorical variables. A 5% absolute difference in prevalence estimates was used to identify noteworthy differences between those included and excluded. Next, the basic latent status model for transitions between baseline and Week 12 of the trial was developed. An iterative process was used to identify the correct number of latent depression subtypes. This process involved fitting multiple basic LTA models with different numbers of statuses or subtypes (ranging from 2 to 7). The Akaike information criterion (Akaike, 1987) and Bayesian information criterion (Schwarz, 1978) were used in addition to the interpretability of the subtypes to decide the number of statuses because LTA models have very large degrees of freedom and extreme sparseness (Collins & Lanza, 2010) . The difference G 2 test (Collins & Lanza, 2010) was employed to rule out the assumption of measurement invariance of the qualitative nature of the statuses at baseline and 12 weeks. This was accomplished by comparing a model allowing variation between baseline and Week 12 item-response probabilities to a model constraining the item-response probabilities for both time points. Analyses were conducted using PROC LTA (Lanza & Collins, 2008; Lanza, Dziak, Huang, Wagner, & Collins, 2015) in SAS 9.3 (SAS Institute, Inc., Cary, NC).
Results
As summarized in Table 1 , men who were included in this analysis were similar to those who were excluded in terms of demographic and clinical characteristics at baseline. The 387 men included in this analysis had a mean age of 44.6 years (SD = 12.5). Seventy-eight percent of these men were White (n = 303). The mean QIDS-SR 16 score at baseline was 15.3 (SD = 3.9), which is indicative of moderate depression. Anxiety disorders were the most common psychiatric comorbidity. Approximately 29% of men had social phobia (n = 110), making it the most prevalent comorbid anxiety disorder. The prevalence of the depression symptoms measured by the QIDS-SR 16 at baseline and Week 12 is reported in Table 2 . At baseline, the majority of the included men were experiencing sleep-onset insomnia (63.6%), had midnocturnal insomnia (70.0%), sad mood (80.6%), impaired concentration (56.9%), lack of interest (58.4%), and fatigue (63.1%) but midnocturnal insomnia (61.2%) was the only depression symptom experienced by a majority by Week 12.
A four-status LTA model fit the data best at both baseline and Week 12. The fit statistics used in determining the most appropriate model are reported in Supplementary  Table 1 . The item-response probabilities of the symptoms characterizing each status are displayed in Figure 1 reports the prevalence of depression subtypes at baseline and 12 weeks and the transition probabilities 
Discussion
This study explored changes in depression subtypes for men through 12 weeks of citalopram treatment using a person-centered analytic approach. Using LTA, four latent depression subtypes were identified at baseline. Depression severity and psychomotor disturbances were common distinguishing features of the subtypes. At Week 12, a Symptom Resolution subtype emerged and Severe Depression with Psychomotor Agitation was no longer identified as a subtype. The majority of men were likely to transition into subtypes characterized by fewer dominant symptoms than at baseline. Such nuances in transitions are lost when operationalizing treatment success as a summary rating scale score of meeting criteria for complete symptom remission. The finding that severe depression subtypes were further differentiated by psychomotor symptoms agrees with previous work noting psychomotor disturbances in depression for men (Alexandrino-Silva et al., 2013; Schrijvers, Hulstijn, & Sabbe, 2008) . A separate latent class analysis also identified a latent subtype distinguished by psychomotor retardation . Experiencing psychomotor retardation or agitation is one of the criteria for the melancholic specifier of major depressive disorder in DSM-5 (American Psychiatric Association, 2013). Despite previous work focused on psychomotor agitation and retardation, it remains unclear if both symptoms are core features of melancholia only or are shared across subtypes (Benazzi, 2002) . Furthermore, agitation is also associated with mood switching in unipolar depression (Iwanami et al., 2015) and with comorbid substance dependence (Leventhal et al., 2011) , highlighting the need to determine how to improve treatment to resolve specific symptoms.
After 12 weeks of citalopram treatment, men who started in the Severe with Psychomotor Slowing subtype had the lowest chances of improving. This is consistent with previous work demonstrating that psychomotor retardation is related to greater depression severity (Calugi et al., 2011) , poor response to citalopram (McGrath et al., 2008) , and impairment of social functioning (K. S. Young, Parsons, Stein, & Kringelbach, 2015) . Psychomotor retardation appears to involve the hypothalamic-pituitary-adrenal axis, basal ganglia, and prefrontal cortex . It is also associated with differential treatment response, with improvements seen in depression with psychomotor retardation when treated with fluoxetine and sertraline but not with citalopram (Buyukdura, McClintock, & Croarkin, 2011) . These complex connections suggest potential areas for targeted treatment. Targeting antidepressant treatment to specific symptoms may improve the likelihood of remitting.
Identifying subtypes of depression in men may improve the understanding of variations in treatment response. Psychotherapy is widely believed to be preferred by women, possibly because of culturally reinforced gender roles that emphasize stoicism and limit men's willingness to express emotions (Emslie, Ridge, Ziebland, & Hunt, 2006; Houle et al., 2013; Oliffe & Phillips, 2008) . Some have suggested modifications to cognitive-behavioral therapy for men, yet a recent review reveals little evidence to support such changes (Spendelow, 2015) . With respect to pharmacological treatments, response may vary by sex. Men in STAR*D were less likely than women to remit with citalopram (E. A. Young et al., 2009 ). Further study to understand which treatments may be more effective for specific depression subtypes in men is warranted.
Several limitations of this work must be considered. Because the primary goal of this analysis was to evaluate transitions in latent depression subtypes, men were required to have complete data on the baseline and 12-week visits. While it is somewhat reassuring that sociodemographic and clinical characteristics between men included in this analysis were similar to those excluded, selection bias cannot be completely ruled out. Although the inclusion criteria of STAR*D was more representative of people seeking outpatient depression treatment than most clinical trials , it is known that men are reluctant to seek mental health treatment (Elhai, Patrick, Anderson, Simons, & Frueh, 2006; Oliver, Pearson, Coe, & Gunnell, 2005; O'Loughlin et al., 2011) . Men also appear to be reluctant to participate in National Institutes of Health-funded clinical trials (The Center for Information & Study on Clinical Research Participation, 2012). Men adhering to traditional forms of masculinity may wish to remain selfreliant and might avoid seeking treatment until their depression becomes too difficult to ignore (Johnson, Oliffe, Kelly, Galdas, & Ogrodniczuk, 2012) . Given this reluctance, psychomotor agitation and retardation might be overrepresented in the current study sample since psychomotor disturbances may push men to seek treatment. It is thus unclear whether it would be appropriate to generalize these findings beyond a similar group of men engaged in treatment.
Psychomotor disturbances and the other depression symptoms used as indicators of the latent depression status variable were self-reported measures. Relying on selfreported measures could lead to inaccurately estimated symptoms and response bias. Future research should incorporate objective measures of the cognitive and motor behaviors associated with psychomotor functioning. Biological factors such as neuroendocrine dysfunction and telomerase activity have also been proposed to explain sex differences in depression (Rodgers et al., 2015; Simon et al., 2015) . A preliminary study of serum testosterone (T) levels has suggested that T levels may be associated with the classic DSM depression specifiers, with men with atypical depression showing lower average T levels than men with melancholic depression (Rodgers et al., 2015) . While the role of such factors remains debatable, additional research which integrates patient-reported outcomes with objective and biological measures is warranted. Furthermore, while this is one of the largest samples to use LTA for changes in men's depression subtypes, the size of this sample did prevent us from having adequate power to examine potential sociodemographic and clinical correlates of subtypes and transitions between subtypes. Future work should also investigate factors such as age, comorbidities, and functional impairment in characterizing depression subtypes.
It is possible that the QIDS-SR
16
does not measure all of the symptoms that men with depression may experience. Previous research has reported that men are more likely to exhibit externalizing behaviors and that their depression symptoms can include anger and irritability, risk-taking behaviors, and substance abuse (Martin et al., 2013) . These experiences are not part of the DSM criteria for major depression and are not assessed by the QIDS-SR 16 or other commonly used depression assessment instruments (Möller-Leimkühler, Bottlender, Strauss, & Rutz, 2004) . Given the post hoc nature of this work, it was not possible to explore aspects of theoretical models of men's depression, for example, the masked depression or the gendered responding frameworks (Addis, 2008) . Additionally, the length of participation in Level 1 of STAR*D and the timing of the assessments should also be taken into account when interpreting these results. The QIDS-SR 16 captures information about the prior 1 to 2 weeks and thus might miss some changes in depression symptoms. The 12-week trial period might also not have been sufficiently long enough to identify all the transitions between subtypes that may happen with antidepressant treatment.
These limitations notwithstanding, these results are notable for numerous reasons. This is one of the first studies to examine changes in men's depression subtypes during known treatment. While women are more likely to be diagnosed as having depression, the burden of depression in men is high and is probably underestimated. Given that men's experiences of depression appear to differ from women's in ways that may not be elucidated in traditional subgroup analyses, it is important to consider sex differences when studying and treating depression. This work also demonstrates the potential of LTA for characterizing discrete changes among the multiple aspects of a disease. This approach is particularly important in mental health, where pathophysiologic causes of disorders such as depression are unknown (Correll & Carbon, 2014) and where disorders are currently defined by heterogeneous symptoms which are likely not disease-specific.
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